and preprogramed states of patient (Sex, age, blood pressure) heart rate and amplitude of exciting pulses will be changed. A feedback from output ECG signal fed back and compared in Anfis controller. Anfis compared with other fuzzy control algorithms provides better control scheme for estimation and generation of pacing pulse parameters including rate and amplitude. Accelerometer sensors and HRV and GSR are used for stabilization of ECG signal during the three body states [1] . Old designs of pacemakers cannot solve problems but Fuzzy can do the job very fast and accurately. Anfis method designed externally regarding patient conditions and normal ECG signals data captured from a known database (based on age and sex of patient) then calculated in MATLAB (Simulink) and programmed directly or wirelessly by ultrasound signals (a novel proposed method). Previous researches [4-19-20] are based on fuzzy PID and fuzzy logic controller in patients with cardiovascular diseases. Anfis controller offers good adaptation of the heart rate and other ECG parameters to the physiological needs of patient.
Introduction
Anfis is a new fuzzy logic method for function approximation and control of miscellaneous engineering especially biomedical engineering. For example, AC and DC motor control and power plant control and even social engineering problems [10] [11] . It is well known that pacemaker as one of the implantable cardiac devices for medical treatment of heart diseases has been widely used nowadays. It has become a therapeutic tool used worldwide with more than 250,000 pacemakers implants every year [2] .
A pacemaker is a medical device that uses electrical impulses, delivered by electrodes contacting the heart muscles, to regulate the beating of the heart. Early diagnosis and medical treatment of heart diseases can prevent the sudden death of a patient. Thus, in order to provide rapid response, the first 10-second is the most important part to show and compare the performance of the controllers [4] . An accelerometer placed in a pacemaker detects movement and patient's physical activity requiring an increased heart rate and generates an electronic signal that is proportional to physical activity [6] . QT interval rate response is physiologically accurate but slow to respond to the onset of moving. Consequently, to reduce these factors, two sensors are used to provide compensation, in that an ideal controller converges only when the system is stable. [3] [4] [5] Due to the uncertainties contain imprecise information by combining the physiological demand, fuzzy logic controller realization for the pacemaker systems has been developed [7] .In this paper, we present the advanced control for cardiac pacemaker using Adaptive neuro fuzzy inference system controller based on dual-sensors. This paper is organized as follows. Section II describes the rate regulation with dual-sensors in pacemaker systems using conventional PID and fuzzy PID control. Section III presents the ANFIS control design method for pacemaker systems. Section IV illustrates the various heart models. The tracking results in simulation are compared between our method and a PID fuzzy controller and FLC. Finally, at the last section conclusion will be presented.
Conventional Control Scheme for Pacemaker Systems
Conventional control and fuzzy PID controller has been demonstrated by Wei Vivien SHI [3] [4] [5] fuzzy control systems is to design a controller for a system that is structurally difficult to model due to naturally existing nonlinearities and other modeling complexities [8, 9] . Fuzzy control system has the capability of transforming linguistic information and expert knowledge into control signals. Block diagram of Shi's work is shown in fig. 1 . 
ANFIS Controller for Dual sensor Cardiac Pacemaker Systems
A feedback from output ECG signal fed back and compared in fuzzy controller based on Anfis. Anfis compared with other fuzzy control algorithms provides better control scheme for estimation and generation of pacing pulse parameters including rate and amplitude.
3.
ANFIS Controller Design
ANFIS Concept
ANN has strong learning capabilities at the numerical level. Fuzzy logic has a good capability of interpretability and can also integrate expert's knowledge. The hybridization of both paradigms yields the capabilities of learning, good interpretation and incorporating prior knowledge. ANN can be used to learn the membership values for fuzzy systems, to construct IF-THEN rules, or to construct decision logic. The true scheme of the two paradigms is a hybrid neural/fuzzy system, which captures the merits of both the systems [12].
The ANFIS Model
The architecture of the ANFIS model is a graphical representation of the TS-FLC model. The general ANFIS control structure for the control of any plant is presented in this section [10] , [11] . The functions of the various layers are given in the form of an algorithm as described below. The structure contains the same components as fis, except for the NN block. The network structure is composed of a set of units arranged into 5 interconnected network layers, L1 input variables, L2 input membership functions, L3 Fuzzy rules, L4 Output membership functions and L5 output values as shown in Fig.2 . The ANFIS structure is tuned automatically by least-square-estimation and the backpropagation algorithm [12]. 
Simulation of Anfis controller in Simulink
The simulation of designed controller shown in fig.3 . first training data generated in a conventional PID heart controller (upper part). MATLAB PID feature used for optimization of step response of heart model then the in1 and in3 signals exported to workspace of MATLAB(ver.14). Then these data entered as training data to the MATLAB ANFIS GUI toolbox (Anfisedit command). Load Data is used to input training data and Generate fis with Grid partitioning and hybrid back propagation and recursive least square as optimization method. The pacemaker model 8/ (s + 8) and the transfer function of the heart is chosen as given by the following: 169/ (s2 + 20.8s).
Fig. 3 Anfis and conventional PID simulation of Anfis controller using Simulink
After the rule base is specified, the ANFIS adjusts only the MFs of the antecedents and the consequent parameters. The BP algorithm can be used to train both the premise and consequent parameters. Then pressing Train now starts design and optimization of input and output MF by hybrid methods described above. If we chose number of input MF's a large number (>1000) it lasts very long time for MF's to be optimized (a couple of hours in a MSI laptop with Core i7 CPU and 16GByte of RAM) especially if we have more than two Input /Output.
After we got an acceptable error (0.38 at this research), we save the generated fis file and we can test it by using 'Test Now' button. Then the optimized fis file used in Fuzzy logic control box in Simulink. Figure 4 shows MATLAB PID tune toolbox output including Step response parameters (Rise time, Overshoot, Settling Time). The lower block in figure3 shows ANFIS controller with FLC box with fis file generated during Training phase of Anfisedit GUI toolbox.
Fig.4 MATALB PID Auto tune toolbox
After running the SIMULINK model for 20 secs, the step input (72 bpm) and PID and ANFIS controller outputs and comparison between them, shown in Tables 1,2. Fig. 5 Step response of conventional PID and ANFIS controller with HR=85 bpm
Comparison of PID and fuzzy controller results
Jyoti et al. compared a fuzzy controlled and a PID controller tuned with Ziegler-Nichols, Tyreus Luyben, and Relay methods; the work simulated and demonstrated that the fuzzy controller had a maximum overshoot less than all of the tuned PID controllers and improved rise time and settling time than at least two of the three tuning methods [21] . 
Heart Model
There are many heart models developed including mathematical [16-17-18-21] and electrical (Vanderpol and modified Vanderpol equations and YNI mathematical physiological model (Yanagihara, Noma, and Irisawa) [23] . within last 50 years. We have tried both IPFM [16] and Vanderpol Oscillators [13] [14] [15] and simulated using Simulink. Finally, we have selected transfer function model [21] in current work.
Conclusion
Heart Rate signals are used as a reliable indicator of heart diseases. These HR signals form the basis of functioning of a pacemaker. Pacemaker performance depends not only on sensors and the pacemaker circuitry but also on the performance of the controller. In the present work, different control techniques are analyzed to design Heart Rate controller. Initially a PID controller tuned with the help of MATLAB tune GUI tool to satisfy the different performance parameters. To improve the performance of the system, an intelligent ANFIS controller is designed with ANFIS toolbox ,it is observed from the response of fuzzy controller that the parameters (maximum overshoot and RMSE and Maximum error) of ANFIS controller is better as compared to the conventional PID controller and other methods.
Future Work
Followings will be investigating in future works for ANFIS based design:
1. Van der Pol oscillator model will be added to SIMULINK simulations. 2. RMS error will be calculated. 3. Three body states will be simulated. 4. Using sensors (Accelerometers, HRV, GSR Minute ventilation, Blended Sensor… etc.).
